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(54) APPARATUS FOR PLASMA TREATMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To achieve the substantial reduction of 
production cost of an apparatus by simplifying the electrode 
structure as well as the miniaturization of the whole of the 
apparatus, the broader applicability to a great variety of materials to 
be treated and the easiness in the incorporation of the apparatus 
into the in-line of production process and to effect a predetermined 
surface treatment assuredly and efficiently by obviating the 
electrical power loss due to abnormal discharge and generating 
constantly stabilized glow discharge plasma even under atmospheric 
pressure. 

SOLUTION: An apparatus for plasma treatment is provided with a 
high-voltage electrode 1 formed in the form of a solid batten, an 
insulator 2 on both sides of the higher-voltage electrode in the 
thickness direction thereof and an oppositely disposed grounded 
electrode 3 between which the insulator 2 is sandwiched, wherein a 
passage for feeding a reactive gas is formed through the solid inside 
of the high-voltage electrode 1 by a drilling process and a plurality 
of slit-like gas-discharge openings 10a and 10b respectively are 
formed on each side of the front and back faces of the high-voltage 
electrode 1 in the width direction thereof, fragmentary alongside 
the longitudinal direction and alternately on the front and back faces 
thereof. The member 10 for discharging a gas stream comprising a 
plurality of slit-like gas-discharging openings 10a and 10b is 

constructed so that the gas stream can be discharged onto the surface of the material to be treated in a 
substnatially linear direrction from the member 10. 
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Partial English Translation of Japanese Patent Laying-Open No. 1 1-269286 
[0004] 

[Problems to be solved by the Invention] 

However, according to the conventionally proposed atmospheric pressure 
plasma treatment apparatus disclosed in Japanese Patent No. 2589599, a reaction gas 
supply path having a double duct structure is formed in a box-shaped discharge part of 
which one end is closed, pairs of thin-plate-shaped high voltage electrodes and grounded 
electrodes are arranged so as to be opposed through an insulating material separator on 
an open lower end side within the box-shaped discharge part, and a cylindrical discharge 
space openly connected to the reaction gas supply path is formed between the electrodes, 
so that the constitution of the electrode part is very complicated, and there have been 
problems such that its assembling is very difficult, the cost of the whole device is high, 
abnormal discharge such as spark or arc discharge is likely to be generated, and glow 
discharge plasma generation under the atmospheric pressure tends to become unstable 
because of power loss due to the abnormal discharge. 
[0005] 

The present invention was made in view of the above problems, and it is an 
object of the present invention to provide a plasma treatment apparatus that is small in 
size as a whole, can be applied to various kinds of object to be treated and easily 
incorporated in an in-line of a production process, has a simple structure in an electrode 
part, largely reduce production costs, and eliminate power loss due to abnormal 
discharge to generate stable glow discharge plasma even under the atmospheric pressure, 
whereby a predetermined surface treatment can be surely and efficiently performed. 

[0012] 

[Embodiments of the Invention] 

Embodiments of the present invention will be described below with reference to 
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the drawings. Fig. 1 is a side view showing First Embodiment of a plasma treatment 
apparatus according to the present invention, Fig. 2 is a bottom view thereof, Fig. 3 is a 
vertical front view taken along line A- A in Fig. 1, and Fig. 4 is a vertical side view taken 
along line B-B in Fig. 2. 
[0013] 

An atmospheric pressure plasma treatment apparatus 20 according to First 
Embodiment basically includes a high voltage electrode 1 formed in a shape of a solid 
batten, band-shaped insulators 2, 2 provided on both sides of high voltage electrode 1 in 
a thickness direction thereof, a pair of back and front band-shaped grounded electrodes 
3, 3 so as to be electrically apart from high voltage electrode 1 through insulators 2, 2 
and connected to the earth, and a cover casing 4 formed of aluminum in an angular U- 
shape so as to entirely surround high voltage electrode 1, grounded electrodes 2, 2 and 
insulators 3, 3 except for discharge parts 15, 15 formed between high voltage electrode 
1 and grounded electrodes 3, 3 on one end side in a width direction. 
[0014] 

As shown in Fig. 4, a reaction gas supply path 6 for supplying mixed reaction 
gas combining inert gas containing helium gas or hydrogen and reaction gas containing 
oxygen or fluorine-containing compound (fluorocarbon) gas, under the atmospheric 
pressure, is formed in a longitudinal direction of the electrode through a hole-forming 
process over the whole length in the longitudinal direction of the electrode and a press 
fitting of a plug 5 to both ends of the hole (refer to Fig. 5), through a solid inside of high 
- pressure electrode 1. A cooling water circulation path 8 is formed so as to be parallel 
to reaction gas supply path 6 through a hole-forming process over the whole length in 
the longitudinal direction of the electrode and a press fitting of a plug 7 to both ends of 
the hole (refer to Fig. 5), at a part above reaction gas supply path 6 through the solid 
inside, and a feed terminal 9 is provided at one end (upper end) in the width direction of 
high voltage electrode 1 . 
[0015] 
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As clearly shown in Fig. 5, a plurality of semicircular slit-like gas-discharge 
openings 10a 10b ... are provided in a fragmentary manner along the longitudinal 
direction of the electrode on the front and back surfaces on the other end side in the 
width direction of high voltage electrode 1 in the solid batten. These slit-like gas- 
discharge openings 10a 10b ... are arranged alternately on the front and back 
surfaces along the longitudinal direction of the electrode such that parts of the slit-like 
gas-discharge openings positioned alternately on the front and back surfaces are 
overlapped to each other, and are connected to reaction gas supply path 6 through small 
holes 11a lib .... The plurality of slit-like gas-discharge openings 10a 10b ... 
on the front and back surfaces constitute a discharge part 10 that can discharge gas 
stream (hereinafter, containing plasma flare) containing chemically active excited seeds 
generated with the generation of the glow discharge plasma at discharge parts 15, 15, 
toward the surface of the target to be treated almost linearly. 
[0016] 

Reference numeral 12 in Fig. 1 designates a setting bracket for atmospheric 
plasma treatment apparatus 20 mounted on both ends of cover casing 4 in the 
longitudinal direction thereof so that upper and lower positions can be adjusted. As 
shown by a phantom line in Fig. 1, when there is provided such as an exhaust duct 16 k 
for collecting exhaust gas after having been ejected from discharge part 10 in 
atmospheric plasma treatment apparatus 20 to the surface of the target and having 
reacted, the inert gas can be recycled as well as a working environment can be kept 
cleaa Electrode 1 may be less exposed by attaching a Teflon insulating tape on the 
surface of high voltage electrode 1 in atmospheric pressure plasma treatment apparatus 
20 according to First Embodiment. 
[0017] 

Next, description will be made of the usage configuration and the operation of 
atmospheric pressure plasma treatment apparatus 20 constituted as described above 
according to First Embodiment. As shown in Fig. 6, a resin sheet material 13 such as 
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PTFE as one example of the target to be treated is horizontally set and atmospheric 
pressure plasma treatment apparatus 20 is set and fixed to an upper part of the middle 
position of the transportation path of a continuously transporting conveyor 14 so as to 
cross the same. While resin sheet material 13 is horizontally transported by conveyor 
14, the reaction gas is supplied to reaction gas supply path 6 under the atmospheric 
pressure or a near pressure thereof (slightly reduced or increased) and is introduced into 
discharge parts 15, 15 formed between high voltage electrode 1 and grounded 
electrodes 3, 3 through the plurality of small holes 1 1 a . . . , 1 lb ... and slit-like gas- 
discharge openings 10a .-. ., 10b and a high frequency voltage (10 KHz to 500 MHz) 
is applied to the high voltage electrode 1, whereby glow discharge plasma is generated 
at the discharge parts 15, 15 under the atmospheric pressure and the reactive gas stream 
containing the chemically active excited seeds such as ion and radical generated by the 
plasma, that is a plasma flare, is ejected almost linearly from discharge part 10 formed by 
the plurality of slit-like gas-discharge openings 1 0a . . . , 1 0b . . . , to the surface of resin 
sheet material 13. Consequently, the surface of resin sheet material 13 is 
hydrophilically-augmented and resin sheet material 13 can considerably improve 
smoothness and adherence properties to a coating material or ink. 
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# icff^ § ft,X v * 5 if 1 £ fc 14 2 KE&ro 7* 7 

itEe^friatcfeM^av^iMw&gi-s* y v h##7. 
e^m uycw-gB^sv ^7 v 7*1-5 i ? i-iae Sixxv » 

2,if*9l, 2*fcl4 3trf5«c07'7X^in i ggB <J 
[fS#«5] ±IB*E«ft. *»«ffiRt«6lt»*fi 

tnTV^if*^ 1 ft<^L4 (DV^-f ftTWdEfcroX^X 

[0001] 

^□fwy, PTFE (tKU H7yftxfl/>') #£:*C0 

f- y ? n^m^^Mnyy x-r^asir i o Tfi!itti£tt 

[0 0 0 21 

A«i$OT«#^ yKt^ft (7^ 

ra£#*£*^Et>L<f4*^E:£<g (g3$E;£7ti4^ 

^ $-e:T!gy7 X-7 »c <t 19 ns^WI'Stt^lf) 

*aS^g7)5> 0lJ^ll!|tfF^2 5 8 9 5 9 9^^i*lC 

[0 0 0 3] w<D^*i'9il^$nTVN.5X7X-vffig 
^MttTC^ETT-W^EMa/jSH^HgT-fcoT, *ix 
£*ltiJ7>> <bSUB $ HT V ^ct£E ^ o -fe^X 7 X^? |c J; 5 



5r#A$*TMIl@lwBJl)SmE$rMP-t-?> r 

£^xm®n®±^®m&ft£ittz&mmvo<D%mz& 

MIS X o Kfl?$£;h/tv ^cX7 T.-r&gggKJt^ 

;ii>^ gg^ttcD/hSMfcis.fcmg^* Mfc#iaii<3 
title:, ffi«iatt?rl|@±t-K«1-5^5t'iVM75 

[0 0 0 4] 

5 8 9 5 9 9*&»fcft*Sft3t£*J: D 

^^«t«gKrtcDBflJicT*a5{l!lS-*B«^w-Mro«E 

^ roS«Jicl8l-# ? «7J n * I- J: 9 * 
^ETT'© ^ n 7 X-7 O^i^^l- <t 9 ^ 

[00 0 5] *^MI4±fS<o J: 5 Six 

m&Ammxmft* * h <D7<i%tem$.z&i&xz ztt 

tc^g Ufc y n -BcmX7 X-7 S-frT^f SW^E 
[00 0 6] 

fc 14** £^tr TpStt^ ^ i &3?£ 14^ 7 y 
Si^^^SrTcflE'b b< !47<^Ejfi^E7JTT-«A Lii 

t^^^l: J: 9 4fl!tSix5^l:*«jKStt*jafi«S: 
»*ag^<D*B C*mf 5 <t 9 S ill V ^ X 7 X 



-9- 



(10) 



#M¥l 1-2 6 9 2 8 6 



[00 0 7] JbKflMto*89!K:J:*U2, 
i:^5#»tMS4iafi:*aS:t>o-CRJ£:^«»&«l6 

^x^tiaaasflitjt^-csii^ro'haft. wen 

^««6aBS:»)«i-5 £ £ Uc-WK^W-ft^flSEmS 
aMtfctt"^ «iffl±»W«jjl*s**^lljHl-C, fit 

[0008] ±5£co £ 9 tiif^i-57 p 7X-e«iaKBlw 

[0 0 0 9] tfc. ±ia«/&<7?X7X^*ag=gfi(::*3i> 
>kHi LgBI;:35ft< icon-CSV MdSi£1- 5 * 5 



KJgjfcSft-CV'S:* y y h^^efcttlL?tlS±S:^Iffi* 
PS 9 tgSKjfflg$*T;:;h<b:ft/$>e> , «ffi$;h<3 ^StcD 

«7>^/<-^4fo||»»«lc#5«^o^SraiS!|t, 
ETW^d -&mX7 Xv <D%£.*<£j£it £ -TC FJrS 

wSffiMa^-gifjEic, A^oa^wicff 4 5 c t 
[ooio] *fc» ±iaflf$roX7X^*a.gSfii;:*^ 

*!*;ffiUA:§r, ±ISft^|6]lcffiv^Sv>avM^fi-r5. 
_X!J y h«^^9^ttlU7t<^-Sli* 5 Sv^lr9i/X-r5)J;9 
KBBS-fr5«fiS frgJB 1-5»&tt, «tUJ!f^**r-« 
i^^lcstlllc^^ S -arffiffl-S^co^ffi^S: t n* < *9 

[0011] $ ?>IC, ±IEffi^WX7X-7MS^BlCt3 
V^T, IS*95lc|EScO < t9lc < ±Ei«E«^, 

m%fr t Srm^,wic byom&)^ t aftit-t- s n t *?tib 

-C> iltlr, iSiHiS (lOOKHzHi) ifS^ffiffl^fll 

b ^. L/7 x^^gw^-fk^gms £ 

£tt, W#Mfci:5«ttfflEi»^a»illlB1-5r£ 
lc±5ffi.^£W§|^9'i£*<0 h^Xyu^SrESJliT-t. 
A^o, ^B^frSr^^^ Mr—' (WkU-CBTtfs/ 

[0 0 12] 

s^bo* i n^mM^-tMmm, H2ii^<73jss 

d, H3HH1 WA-A^lcfa v ofc«»fIES!ll, SI 4 14 
El 2 <DB - BHfcftofclSWHWffiH-C*>S. 

[0013] rro^i wHlfe^«Si-*3it2>^EX7X 

•7^SSB2 0I4. 

S5Em®l£> r.roii5Eli<il roJf^AofflMK-fcft 
^ixfltttrol6»*2. 2$rj*A/T'*f|S]getti-5r.£T-± 
l2SJE«ei 1 lC*f U«mWlcPigl UTT-^1gife$ttfc 
-^<7?Sf««ro^ift®®3, 3£, Ztlblti&W&l. 

itmvmM3, 3 b<r>wi\zmi8.£tiz>tknMi 5, 1 

7 /W 5 =. * /<- ^ - •> V ^ 4 £ 4 5„ 

[0 0 14] ±S^Ettffil ro^HrtSClcfl. 04 ic^ 
1"i9ic. affift^faro^filwESTLWttSDI&tf-t- 
ro?Li^4SSI5~ro^5<OEA@^ (15#l.) (CtoT- 
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*&aK6^m^fi^fS]l-?Sfc-&X^jEiS;$nTV^5 i: t 

«S1W01£7£>EAB£ (I2 5#!8) (CkoTilBSJ^ 

S8JS0 (±«M) l-f4*&««^9* 5 ^'tbh.T^5. 
[0015l4t. ±IE«f 1 ro g^ 
;fr|6]<PPH»[B 1 a , 1 bT% *<P»ffi:fr|6](ftfei>affl!l (T 

ftroH&fiw* y -y HKtf^BfctiJLTtl 0 a-, 10b 
• • • Mtttft |6| » o T W^W fc»jft * ilT V ^5 . * 
gg^£^SEa@ 1 WgfrjfrEKft—fiMB 1 a tc^g 
ftfe* J) 5/ h##*Bfcffi UlOa - bWJgjfatofeM 
ffil bfc»jft$nfc*lJ y hftff^ftffilft l Ob- ■£ 

gj^ av^i^ffigj-s* y s> h^^^^ttju^i o 

a, l Obw-^aw^yXI-Si^t-gag^ftT 
V>5ttt»w, Ztl^thmn 1 1 a-. 1 1 b-fcfl-L 

b^^O*!) y ht^tHUl 0 a -, 10 b - 

i o .hiasrmgR 1 5, i5t©^o-ftty7^ro 

St (EAT, T^X-^UTifH-SfcwfcStf) 

a«©*ffiir»LTi»iai»ttK:«a^iiB4Bktau»i o 

[0016] ft**, El 1 <P<D 1 2 ttu ±iE*/<-^--> 

•5. Hi ofiffl^T-^i-J; ^cME7"7Xv 
*&S^fi2 OfcfcttS&ffiUSBl 0A>fe&8y£&wSffi 

2 Ofcfc^T, iSEEmUl W^BK, t&JjtffT^nV^ 

[0017] ±IB© J: 5 K*J5££ftfclK 1 <o|li& 

t&m-o^x&ipH-S. 0 6 ffiMS^w 
-WT*>5PTFE4if©»JBi'-h« , l 3 «r*sp»» 

tego±SBIc*^EX7 X-^&ggg 2 0 5:«»f^ffilc 
I3:g@£UTteffl;**vS„ *LT, ±!E= 1 4 Ic 
iotWI-y- h# 1 3£*W£<**oo, *«Eb 



*ismm<omiii i a-, 1 1 b-su^y s> 

D*fflLftl 0 a 1 0 b-fciiUtiSEISffil 

1 1 tlC±IEil5Em® 1 HSMI&mJE ( 1 0 KH z 
~5 0 0MHz) SrPPJP-t-Srt^ioT. -hiE»«Sl5 
15, 1 5t*ftET-C^n-Jjrtir9X^S:38t* 
•tir, &7'7X-7l;:J;>)£j&$ft5-'i'*>', 7^#A"fcif 

/7^v7 \s7*±.wmm<r>?- y y h#x/*°*;ffi 

UlOa-, 1 0b-lci9«|*Sil5!fcWLSB10 
A>b«flli->- M#l 3©*ffi»w|6j»-J-B&S«Sl!K^'fiHi$* 

[0018] &Lh<7) £ 5 ftSEBS&SSifESrfTft 5 7"7 X 

ttiUtlOa-. 10b-S:lli*l:Mt5rti>«Tt 
ft 2, 2Sr*A/-C««««3 1 3 5 

*»ciBS*asc^as: t -5 -ewes s z. t & 

fc, tU<(4^J13fi^E*TtcJ3VNT'b^^ , -^ J ^T 

«-C*>5*»b» JWWBi 5, I5l:g£i<^n-M 
7*7 $r^* $ *T X7 Xt let 5 jlfSmSIjaiSr 

[0 0 19] #11, ^«^i«EttSlc0^^rtgl5-<7??L 

HgoTSBftiSSrff't 5^wfl5E«ffil WiSf5SrB5v> 

[0020lffc, ±E«f**S*ilSE«« 1 
[^<DMfft!lB la, 1 b^ ^fifegixfc^fiW^ y j/ htt 
#^BUl0a-, 1 0 b-SrttS*¥^^T-^ 

y h^xf^^mu^i o a, iob©-SB*ss 
x?7 sr^«jn^<fitnir-ii«^t ur^afe 

[00 2 1] EI7~El9tt*«Wlw«57'7Xvi!! ! SK 
gcom2©*iS^fli5:^-r-SBfJ^tffl!lBEl< 
OJSBHST/— SBSr^BS UfciEB0T-fe 9 . Z<D%2<D 
Hi6^j8»-*3l1-5*S(E7'7X^ftiSgS3 0 co£*W 
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«3, 3Xt«6»ft2 I 2<7>5%i*EE«ffil 
3, 3i«)Hfc»*SlX5tt««l 5, 15£j&<£# 

±Em i (ommwm t n- 1> u < a«B»t »n-o 

[0 0 2 2] ^0!|S2 0Wfc»ilfc*5^T»i, XEESffi 

i (om^Rxf/y^ ? uT&tti i o i 

iWMBaiAOPWMM lAa, lAb ^jvCJiK, S& 
M^n^^Sftffl^^y y htt#*!fcfflb5U 0 a -, 
l o b-tf«i*#*lPlK»oT*fjT-»fc., *>o, MM 
£ffilAa, lAb^-ilyHR^ttiUlOa 

Jt 1 0 a, 10 b<D— Ut^^Zyy-f-t^^ 5 t^IES 
LT»j*S;h/Ci*5. ±E*E«« 1 W£R*JE 

JcB«UT±E*i:*a=ft»«»» l.AQiBffittgnl 
Aa, lAb ^f&fe^:Tt>«^»B»ft:2 ' , 2 ' ^Efi 

4<L-CV>5. Sfefc* ^^l2(O^Mitlt 

1 7Xt/=>f/H 8*5K»tfeix-C*3 9, tt&Si-lttfc 
[00 2 3] ±IB©J:5ft*J*w»2©iaiii«»^J:S 

fflz£tt&l£7yX^tmm&3 0<oW&\*, ife'ff 

ffl=ft^a5> 1 AiP pqffi&B 1 Aa, lAb fcTgfiK £ 

n-cv^^u y h^^gfcaiLJti o a iob-pi 

±fcpr«ftK9ifi»S*Triife^l0B- I 10b- 
rt> btffi £ tii -fy Xt 7 1/7 (DWMfe SrBi * 5 r t ffi 

x-zz>tz\-}x~te<, mvmmi Aa. lAb cebtT 
«»ms3t©mifc«j4sn5»«»i s, ist 

[0 0 2 4] ftfc, ±E»2^*ll0B»"CttWbTl^5 



ffi^ 9 t Sr««t«JJ- fcWSttfc fe «Cf+ rt+ 5 1 i *s^IIB 
T\ KJ§& (lOOKHz&ii) ja5«*ttffl<B« 

K i 5 5 ^Kftaift* if <0 h y X A*£«r 

gEXy X-^«ia3S«<Dffiffl}g»^ 3 Sg£j£lf 5 1 1 

?#6. 
[0 0 2 5] 

[«W^Sb*l EA-h*>J:5fc, *3MJfcJ:*Ui* 

x^Sr«^s-fr5wt^"et sttbtw, :^x-7 

fcaSIIfcJfc^-c:* SIl^froSL^/hSeiftfeJ:^ 

[0 0 2 6] 4 fc, if *3g 2 m!£«<£> i 9 ft«^^r^ffl 
« 3 fcEttoi 5 ft*fiR*«ffl1-* r. fc J: o mm S ix 

[0027] se>t, ±ia»/jtw^7X-r«iai6iif-*5 
t t>vmi&\z t« ft»t +5 

rt^tB-C. (lOOKHzKi) S5m 
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Steffi mmx^mti a * l/7 x^asaosejeft 

iSHJx5 1 1 tC. W#IBK:i:5fflH[fflEII*s^aJKBr 
BUi" 5> 1 fc i t (5 if© h 7 

[Ull] *^BJ(r#?)7*7X^©S^ff(D®lC0*lt^ 

im2] m i (om^mx'h^o 

[03] 01©A-Aj»t»ofc«J»fIEBE-e4>5. 
[04] 02©B-B*M-?&ofc«^fflaffi0T*3!>?>. 
[H5] 1 1 ro^lfiias^E/yX^Mgl 

[0 6] H±*«ffi^7 X-r«ya8jl<7)ttffl»lB«r«i- 

[07] *w%\z&Z77X^&W&W<»%2<r>%ffii& 
«fcJ:5*«ffiX7X-7«H13i«©-8lJ«I>:f fflSaSH-e 

[08] b±:*:»e?*7 x^&sgftw-ssffiWrrofiffi 

[09] W±*^:T?X^M^*<0-»**l&Lfc 
iE®0t?fc5c 

[fS-f-Wl&K] 
1 KEEtt® 

la, lb gEg^WpffiS. 
1A =.jkW$M£ 
2,2' fftftft 

3 ttttttli 

4 {r-S/V^ 
6 SS#7&&iIS§ 
8 ££P*te8RftiiB 

i o ^a^aiuai 

10 a, 10b XV y hftjfXtktiiLX 

1 3 aura m&mm 
1 5 jjcmss 

[¥^IE2] 
[tt]E#*ft£4] HE 
MflE#*41«] 0 3 
[ttE^ffi] £JE 

[03] 



, — 4 




[#»tt&IE3] 
[*fiE*f&»£t£] 0S 
[ttiE*j-*9e^] 0 5 

[ttErt^] 
[05] 




[3M£«jE4] 
[«|jE#**£!4] 0E 
[*BjE#ft«34] 0 9 
[ttiE^ffi] £K 

[09] 
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